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A clay is any mass of more or less plastic material having as
a basis of composition the silicate of alumina, Kaolinite. We
say more or less plastic "because the tensile strength, which at
present is accepted as a means of measuring plasticity, varies
from a few pounds, five or ten, up to over five hundred pounds per
square inch. One clay tested "by the writer gave 560 pounds per
square inch as a maximum. Deposits of pure clay, kaolin, are
relatively rare. This is due to the method of origin. Clay comes
from the "breaking down or decaj- of rocks rich in the silicate of
alumina. One of the commonest sources is from granite or other
crystalline rock rich in feldspar. Under the action of the earth
water hearing In solution different kinds of acids, the feldspars
are "broken down "by the taking into solution and the carrying away
of the alkalis and alkaline earths and leaving the silicate of
alumina "behind as an insoluble residuum* The impurities found in
the clay come in part from other minerals contained in the rock,
from foreign material carried in "by water currents, and from chem-
ical precipitation after the clay deposit is formed. The commonest
kinds of foreign materials are quartz sand; calcium carbonate;
and organic matter. Besides these there is a considerable number
of other minerals of minor consequence*
Clays are variously classified on the basis of origin, purity,
use, etc., but a discussion of that side of the subject can not be
O
given here.
No matter what the origin of the clay was, what impurities it
contains, or what its uses may "be, one of the common and most im-
portant character isitics is its plasticity. Plasticity is that
physical property which permits of the clay "being moistened with
water and molded into any desirable shape. Plasticity "being the
property most characteristic of clay and upon which it largely de-
pends for its value has "been the subject of a great deal of study.
Up to the present time there have "been quite a number of theories
advanced to account for this peculiar property "but none of them can
be said to be entirely satisfactory or to fully explain all the
observe! facts. It is perhaps advisable in this connection to give
a brief review of those that are most plausible and that have re-
ceived most attention.
At one time an attempt was made to prove that plasticity was
due to the impurities contained in the clay. This theory arose
from t?ie fact that most of the Impure clays are plastic while many
of the purest as kaolin, china clay and fire clay are often not
highly plastic. TViere are, however, many very pure clays that
have been found that were much less plastic. Again it would not
be reasonable to suppose that any kind of impurity that happened
to be present would be able to produce plasticity. Then, since we
are able to point out clays having these impurities present in
all sorts of combinations and at the same time to show that any
clay having any given impurity or combination of impurities in it

is highly plastic in one case and only feebly so in another seems
conclusive proof that plasticity is not due to the contained im-
purit Le3«
It is a well known fact that when clay has "been heated to a
temperature high enough to drive out the combined water, the mater
ial loses its plasticity and that this last property is never re-
Stored unless, perhaps, by a second chemical breaking down and
rehydration* This loss of plasticity by burning caused the formu-
lation of another theory, attributing plasticity to the presence
of the combined water. That this theory is not sufficient is
readily seen from the fact that other hydrous minerals are either
entirely lacking in this property or possess it to only a very
slight degree.
Another theory that has had considerable support is that plas-
ticity is dependent largely upon the fineness of grain. This
theory arose from observing that many clays become more plastic
with fine grinding. Professor Wheeler states, however, that when
a plastic clay is ground finer and worked over and over it finally
loses its plasticity. He also says that many of the coarser grain
ed clays proved more plastic than the finer ones. He concludes
from this that fineness of grain can not influence plasticity
beyond a very limited extent. This theory will be discussed furth
er , later.
Again it was held that plasticity was due to the aluminum pre-
sent and varied with the percentage of this element contained in
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the clay. An investigation will show, however, that many of the
purest clays, those containing the highest percentage of alumina,
are the least plastic while those containing a relatively small
amount are highly so.
When the survey of the clays of Missouri was being carried on,
professor Wheeler had many different kinds examined under the mi-
croscope in an attempt to settle the matter. Prom this examination
it was finally concluded that the plasticity was due to the presence
of large numbers of very fine scales or plates in the mass; the
thought being that when the clay is mixed with water that the
water covers the minute scales with a thin film and thus permits
of the easy movement of the particles over each other in molding.
When the clay is afterward dried the film of water is removed and
the surfaces of the plates adhere firmly together. The fact is that
when the microscope showed the presence of larger crystal masses
made up of "bundles of these plates grinding produced a much higher
degree of plasticity. This is supposedly due to the separating of
these bundles into the individual plates and the more uniform dis-
tribution of these plates through the mass. On the other hand,
when these plates are lacking in the clay, the plasticity is much
lower and grinding develops it only to a very limited extent.
This theory is the most plausible and seems to be better supported
by observed facts than any other advanced at the present time.
During the past year another theory has been advanced by the
Department of Agriculture at Washington which is in direct opposi-
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tion to the one supported "by Professor Wheeler. According to this
theory there is a difference between plasticity and binding power
as applied to clays. It is held by the advocates of this theory
that the binding power is due to the presence within the mass of a
certain amount of colloid material. This colloid is supposed to
he an amorphous more or less gelatinuous substance that acts as a
glue bo hold the grains. It is claimed that when fine grinding
develops greater plasticity or gives the "briquette greater tensile
strength that this added strength is due to the more uniform dis-
tribution through the mass of the colloid material, Further evi-
dence in support of this theory is claimed from the fact that
treatment of the clay with small percentages of ammonia, tannic
acid, etc, greatly increases the strength. This again is due to
the more thorough mixing of the colloid through the clay mass pre-
sumably by reducing it more nearly to the condition of a liquid
and coating the grains with it . causing them to adhere more firmly
upon drying.
If plasticity is due to the presence of a gelatinous colloidal
substance it ought to be easily proven by treating the clay with
hydrochloric acid and caustic soda. We know that all hydroxides
and gelatinous silicates that could possibly be present in clay are
easily dissolved and removed by treating with the hot reagents men-
tioned. In order to test this theory then, several lots of clay
were made up, the trasnverse strength tested and then treated by
boiling first with hyrdochloric acid, next with caustic soda and
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and again with the acid. After the materials were thoroughly-
washed with distilled water, the transverse strength was again test-
ed. As will be seen "by the results obtained from the test bars,
there was no loss of strength but rather increased strength, prob-
ably from the more thorough separation of flakes.
In attempting to add something to the knowledge we already poss-
ess of this important and interesting subject, use was made of the
centrifuge and microscope.
The samples of clay to be tested were put in wide mouthed bot-
tles with distilled vmter and a few drops of ammonia and the bot-
tles put in the shaker. The clays were left in the shaker until
examination with the microscope showed them to be completely dis-
integrated. The disintegrated clay was then separated into differ-
ent grades of fineness by running in the centrifuge from 5 to 30
minutes and at from 1100 to 2000 revolutions per minute. By this
method the clay was separated into four grades of fineness. Number
1, the finest grade, contained particles none of which were greater
than .001 m.m. in diameter ; the second grade particles from .004
to .001 m.m. The third and fourth grades were not so carefully
separated. The third grade contained the finer of the remaining
material and was obtained by pouring off the material still in sus-
pension after the whole had been permitted to stand for a few
hours. At least 98^ of the coarsest grade would pass a 100 mesh
sieve.
Upon examination with the microscope, it was found that all
particles in No. 1 and most of those of No. 2 were so fine that
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little could "be told of the shape even with the high magnification
of 900 diameters. No. 3 was made up of a high percentage of thin
plates and some foreign material while No. 4 contained fewer
plates and a higher percentage of impurity.
The materials tested contained samples of kaolin, china clay,
flint fire clay, shale, loess clay, and common glacial clay.
run
Not all of the samples were^far enough to get material for
test bars hut enough was separated to test the plasticity "by
feel. In order to have the test "by feel made by unprejudiced
judges the separated samples were put in dishes and given to per-
sons who had no knowledge of what the different grades were. In
eveiy case they ranked from coarsest to finest, although the grain
of at least three grades is so fine that they cannot be told by
that means. In order to be sure the grading was not accidental the
same samples were re'-urned again and again and were always arranged
in the same order.
In making the strength tests on the bars of separated materials,
the clay was mixed to a plastic condition, put in a 15 m.m. glass
tube drawn to 6 m.m. at one end, and forced out to make smooth
6 m.m. bars. The bars were carefully dried and broken. The bars
were broken by laying them across two knife edges l/2 inch apart,
a small vessel suspended from the center of the bar by No. 28 iron
wire, and fine shot poured slowly into the vessel until the bar
broke. The results obtained in breaking these bars were very
satisfactory, with extreme variation less than 20^. The results
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given below are averages of from three to eigh bars.
Danville Shale
No. of grade Strength Relative strength
1
2 2193 g. 10.7
3 302.3 g. 1.47
4 205.0 g. 1.0
5 387.7 g. 1.8
6 554.7 g. 2.7
7 2885.0 g. 14.0
8 470.0 g. 2.3
9 571.2 g. 3.6
Local Glacial Clay
of grade Strength Relative st
1 1641.4 g. 7.7
2 1245.2 g. 5.8
3 752.7 g. 1.2
4 636.0 g. 1.0
No. 4 ground
No. 5 ground fine
fNo.2 treated
With boiling core
|_H CI & NaOH
jNo. 4 treated
las No. 7
JNo. 4 treated &
fer ound
•
In the above tables Nos. 1 to 4 represent the four grades of
fineness. No. 5 is the same material as was used for No. 4 but
ground finer, and No. 6 is No, 5 reground. Nos. 7, 8, and 9 are
portions of Nos. 2 and 4 that have been treated with Cone. H CI and
NaOtf, 9 having been pround finer after treatment.
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In making the calculations for strength as shown in column three,
the strength shown "by number four was taken as unity and the others
calculated to that standard for comparison.
The most noticeable feature in the above results is the increase
in strength from the coarsest to the finest. This feature is so
constant that one is compelled to acknowledge that the fineness of
grain bears an important relation to the plasticity. It was
found, s.lso , that grinding would very materially increase the
strength of the coarser grades as in numbers 5, 6, and 9. Prof-
essor Wheeler states that too fine grinding finally deadens the clay
and it loses its plasticity. Prom the greatly increased strength
of the finest grades over the coarser ones, it seems to me there
must be a flaw in his reasoning. It seems much more probable that
the loss was due to some other cause, perhaps the mixing of oil
from the machinery with the clay, or from the action of the water
used in mixing. Unless distilled water was used, there is almost
certain to be mineral salts left from the evaporation of the water
and it is not improbable that these salts affected the plasticity.
In the main, I agree with the theory advanced by Professor Wheel-
er, but think some other points should be added. In the cases
where the coarser grained clay seems the more plastic, it is possi-
ble the lack of plasticity in the finer material was due to the
presence of greater quantities of fine sand or to imperfect separa-
tion of the clay into its separate flakes.
It seems to me unnecessary to suppose the presence of a purely
hypothetical substance like colloid. Indeed from the treatment
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given the clay as described a"bove and the results obtained, it
seems impossible that, even if such a substance can exist, it can
have any effect on plasticity.
In summing up, then, it seems to me plasticity can be well ac-
counted for and explained by supposing it due to the presence with-
in the inaso of large numbers of very minute and very thin flakes
or plates, that it increases with the fineness of grain of the mass
as a whole and of the active clay particles in particular, and that
the strength of the clay is due to the intricate and firm inter-
locking of the particles during the drying and shrinking of the
mass •
Since plasticity is the most important physical property of clay,
the means of testing this property ought to be as perfect as possi-
ble.
The method in use at present for determining the plasticity of
a clay is the tensile strength test. For making this test bri-
quettes are made of the clay, thoroughly dried, ana then broken in
a cement testing machine. The tests made in this way are not so
satisfactory as the tests made on cement for the reason that clays
do not shrink uniformly from the plastic to the dry condition and
hence it is not possible to get the same section for different
clays and even in the same clay the section varies with the wetness
of the clay at the time of molding. Of course it is possible to
measure the section of each briquette and then reduce the results
to a uniform section of 1 sq. in., but it is not certain that the
breaking strength varies directly with the area of the cross section.
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Again, the difficulty in getting homogeneous briquettes has added
another source of error. It is almost impossible to fill the mold
in which the test briquetts are made by hand in such a way as to
avoid lamination, difference in density due to different pressure,
and the imperfections due to the personal equation.
In order to overcome these difficulties so far as they might be,
the following method was devised. The clay was made into a heavy
slip or paste by mixing in a large jar. The clay is then poured
on a plaster slab provided with a frame to prevent too thin spread-
ing and permitted to dry as rapidly as it would stand without
checking until it reaches the condition of a rather stiff mud and
is in the best condition for molding. It was found advisable to
make the frame in sections or to cut the mud while still very soft
into strips about an inch wider than the briquettes are long. In
this way the clay is given a chance to shrink without irregular
checking avoiding so much waste and keeping the briquettes free
from cracks that might produce imperfections in the finished pro-
duct. The briquettes were then cut from the stiff mud with a tin
cutter made to fit the inside of the brass mold. The cutter is
made about two inches deep with a hole left in the center of the
top for the entrance of the plunger of the constant pressure machina
Handles were soldered across the curve of the cutter and a thin
blo^k fitted into the inside to push out the clay. The cutter is
filled, inserted in the brass mold, pressure applied, and the cut-
ter slowly lifted until its lower edge is just above the surface
of the brass mold. The pressure is then removed and the briquette

3truck off with a fine wire. If the "brass mold was well oiled and
a piece of thin paper placed under it "before the clay was put in,
the mold with the enclosed briquette can be carried to any conven-
ient place for drying and the briquette slipped out without opening
the mold and without in the least distorting the soft clay. The
constant pressure used in these experiments was obtained by support-
ing a definite weight on a frame in such manner that it could he
raised and lov/ered "by an arrangement of pulleys and crank. The
pressure was applied directly by means of a plunger entering the
top of the tin cutter.
Some of the advantages of molding by this process are that the
"briquettes are perfectly honogenous , do not show a trace of lami-
nation, the person doing the work need not have had any experience,
the personal equation is entirely removed and finally, "but most
important of all, the "briquettes "break more uniformly than those
molde 1 "by hand "by an experienced workman.
An examination of the results obtained "by others, where the
"briquette molds were filled "by hand and with the greatest care, will
show a variation from 30 to 60 ^ in the tensile strength of bri-
quettes from the same set. Prom the results given "below it will
be seen that it is possible to "bring the extreme variation well
under 10)£ and the average to 5^, if the molding be done "by the
process just described.
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Set Number 1
Number Scale Reading Corrected to 1 sq. in. Cross Section
1 146 lbs. 155 lbs.
2 161 lbs. . 173 lbs.
3 149 lbs. 160 lbs.
4 160 lbs. 173 lbs.
5 162 lbs. 174 lbs.
Average 167 lbs. Extreme variation 12.2^
Set Number 2
Number Scale -Reading Corrected to 1 sq. in. Cross Section
1 147 lbs. 163 lbs.
-2 143 lbs. 169 lbs.
3 153 lbs. 175 lbs.
4 no record
5 165 lbs. 188 lbs.
Average 175 lbs. Extreme variation 11.9^
Number
1
2
3
4
5
6
7
8
9
10
Set Number 3
Scale Reading Corrected to 1 sq. in, Cross Section
162 lbs.
149 lbs.
161 lbs.
161 Lbs.
157 lbs.
155 lbs,
159 lbs.
165 lbs.
143 lbs.
154 lbs.
185 lbs.
170 lbs.
184 lbs.
134 lbs.
179 lbs.
177 lbs.
182 lbs.
139 lbs.
169 lbs.
176 lbs.
Average 7 79.5 lbs.
Extreme variation 11.8^
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Set Number 4
Number Scale Reading Corrected to 1 sq. in. Cros3 Section
1 265 lbs. 368 lbs.
2 • 251 lbs. 344 lbs.
3 271 lbs. 376 lbs.
4 266 lbs. 369 lbs.
5 258 lbs. 363 lbs.
6 267 lbs. 371 lbs.
7 268 lbs. 377 lbs.
8 251 lbs. 349 lbs.
9 280 lbs. 350 lbs.
10 259 lbs. 365 lbs.
Average 363 lbs. Extreme variation 9.6^
Set Number 5
Number Scale Reading Corrected to 1 sq. in. Cross Section
1 420 lbs. 512 lbs.
2 423 lbs. 516 lbs.
3 409 lbs. 500 lbs.
4 431 lbs. 501 lbs.
5 455 lbs. 540 lbs.
6 465 lbs. 546 lbs.
Average 519.1 lbs. Extreme Variation 9.2^
Set Number 6
Number Scale Reading Corrected to 1 sq. in. Cross Section
1 358 lbs. 431 lbs.
2 373 lbs. 440 lbs.
3 355 lbs. 438 lbs.
4 356 lbs. 424 lbs.
5 380 lbs. 447 lbs.
6 378 lbs. 446 lbs.
Average 437.6 lbs. Extreme Variation 5.4^
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Tho clay used in the first three sets was the same, a surface
glacial clay used in making ordinary brick. No attempt was made
to mold the "briquettes when the clay was of exactly the same con-
sistency and to dry them under uniform conditions. Hence the
slight variation in tensile strength.
After the briquettes were molded they were slightly weakened
at the center by cutting shallow grooves on top and bottom, which
caused them to break uniformly at the center. Afterward an attempt
was made to use a mold with ridges to provide the grooves but the
tendency to check in the bottom of the groove when drying was so
great that the attempt was abandoned.
Besides being much more uniform, the results are much higher
than those for the same clay when molded by hand. This increased
strength is probably due to better chance for the grains to become
thoroughly interlocked and adjusted so that when the water was
evaporated the surfaces were forced very close together and the
grains held in much the same way the grains in crystalline rocks
are supposed to be held.
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